Infections with gastrointestinal nematodes can impair both the animal health and performance. Thereby, the aim of this study was to evaluate the use of targeted selective treatments as the FAMACHA © system and faecal egg count on controlling gastrointestinal nematodes in different sheep categories under grazing system. Thirty Santa Inês sheep, six in each category (six weaning, six weaned lambs, six non-pregnant ewes, six pregnant ewes and six lactating ewes were used. Sheep were weighed, and blood and faecal samples were collected on day 0, 15, 30, 45, 60 and 75 for determination of faecal egg count (FEC), packed cell volume (PCV), total plasma protein (PPT) and the mucosa colour by FAMACHA © system in the morning (1) and afternoon (2). The faecal egg count was higher (p=0.0039) in weaning and weaned lambs compared to the non-pregnant, pregnant and lactating ewes. Also, FEC differed between ewes with higher counts in lactating ewes. The observation of eye mucosae showed a frequency of 100% of FAMACHA © scores ranged of 2.45 to 2.91 in the morning, differing (p=0.0494) among the categories, where weaned lambs showed better score. The animal categories and period interaction had a significant (p=0.0148) effect on FAMACHA © score 1 with better score in weaned lambs compared to the pregnant ewes at day 0, 15 and 75. In addition, weaned lambs were presented better FAMACHA © score compared with weaning lambs and lactating ewes at day 45 than weaning lambs at day 60 and 75. Packed cell volume in the morning and in the afternoon was influenced by days of collection with lower percentage at 30 days of experiment. The FAMACHA © system seems to be a suitable method to detect parasite infections. However, use of all available methods increases the accuracy of the diagnosis and promotes better control of gastrointestinal nematodes in grazing sheep. 
INTRODUCTION
Infections with gastrointestinal nematodes (GIN) can impair both the animal health and performance. The different degrees of infection to which the animals are exposed may cause low productivity of adult animals with high mortality and delayed corporal development of young, reducing the off-take rate and it has been the main cause for losses of production in small ruminant production system (Molento 2009 ). Some factors such as age, nutritional and physiological status (pregnancy and lactation) may contribute to determining the prevalence of gastrointestinal nematodes in the host being essential to production system.
The control of these gastro-intestinal infections relies heavily on the administration of anthelminthic drugs. However, due to their intensive use with increased number of studies report on the development of anthelmintic resistance in parasitic nematodes of ruminants (Torres-Acosta et al. 2012 , Vlaminck et al. 2015 . Parasitic resistance was described since the 1990s and many new reports suggest that the Brazil situation is deteriorating effect (Almeida et al. 2010 , Veríssimo et al. 2012 . Hence, anthelmintics were needed to be used carefully to increase the productive and reproductive performance of animals.
To better parasitic control and to reduce the use of anthelmintic some strategies have been proposed: biological control (Waller 2006) , cooper oxide needles (Vatta et al. 2009 ), medicinal plants (Sawleha et al. 2010) , vaccination (Arunkumar et al. 2012 ) and the use of targeted selective treatments (TST) (Kenyon & Jackson 2012 , O'Shaughnessy et al. 2015 , Mohammed et al. 2016 . As per of our knowledge, one of the cutting-edge resources used to slow down the development of anthelmintic resistance is the FAMACHA © system, a selective method useful for controlling gastrointestinal verminosis in small ruminants. By far the best-known example of a TST indicator is FAMACHA -an acronym derived from the name of the originator of the idea, Dr. Faffa Malan (FAffa MAlan CHArt) -a system developed in South Africa that uses anaemia, determined based on the colour of the lower eyelid mucous membrane in small ruminants (Vatta et al. 2001 , Van Wyk & Bath 2002 . Although FAMACHA © is a system of treating only animals with clinical signs and then reducing the chance of development of drug resistance, its usage is not practiced in many regions around the world.
Our hypothesis is that the FAMACHA © system and faecal egg count can help in the reduction of anthelmintic resistance by treating animals only unable to survive with current nematodes species challenge on pasture. Thus, the aim of this study was to evaluate the use of targeted selective treatments as the FAMACHA © system and faecal egg count on controlling gastrointestinal nematodes in different sheep categories under grazing system. Animals and technical details. Thirty Santa Inês sheep were used. All animals were maintained on grazing in pasture paddock of Andropogon grasses (Andropogon gayanus) with the additional concentrate supplementation at the rate of 1.0% body weight (BW) consisting of cracked corn (70%), soybean meal (25%) and mineral supplement (5%), based on the dry matter was added (Table 1) . Lambs had access to creep-fed until 90 days of age, when the lambs were weaned. The supplement concentrations were formulated according to the recommendations of the NRC (2007). All animals received anthelmintic treatment (Disophenol/dose according to manufacturer) 15 days before start of the study. the animal categories used were: six weaning lambs, six weaned lambs, six non-pregnant ewes, six pregnant ewes and six lactating ewes (details of each category in Table 2 ).
MATERIALS AND METHODS

Site
Body weight, body conditions core and fecal egg counting. Sheep were weighed and blood and faecal samples were collected on day 0, 15, 30, 45, 60 and 75 in the morning. The body condition score (BCS) was evaluated at the moment of the weekly weighing according to the method described by Thompson & Meyer (2006) . The measurements were made on a scale from 1 to 5 (1=under-weight and 5=overweight). Individual sheep faecal egg count (FEC) was determined from rectal faecal samples using a modified technical by Whitlock (1948) . The FEC was considered as a quantitative indicator of infestation and prior to the analyses, the values were log transformed [using log(x + 1)] to stabilize the variance. All data were back transformed as geometric means.
Blood collection and mucosa colour recording. Blood samples were collected at 7:00 and 14:00 h by jugular venipuncture using needles coupled to vacutainer tubes containing 0.05 ml of a 10% aqueous solution of ethylene diamine tetra acetic acid (EDTA) per 5 ml of blood. The blood samples were kept in a cooler with ice (temperature between 2 and 8°C) until they were transported to the Clinical Pathology Laboratory (CPCE-UFPI), where the packed cell volume (PCV) and total plasma protein (PPT) both morning (2) and afternoon (2) were determined. The packed cell volume was determined with the micro hematocrit technique by using homogeneous capillary tubes of 75mm in length and one millimeter in diameter. The determination of total plasma protein (TPP) was performed by refractometry after the blood was centrifuged in micro hematocrit capillary tubes. The mucosa colour was recorded (also, in the morning (1) and afternoon (2)) once by the FAMACHA © method by dividing the colour into five different colour levels (Vatta et al. 2001) : 1 = red, non-anemic; 2 = red-pink, non-anemic; 3 = pink, mildly anemic; 4 = pink-white, anemic; 5 = white, severely anemic. During the entire study period, the clinical evaluation was made by the same veterinarian investigator.
Statistical analysis. The statistical analysis was performed using SAS v. 9.3  software (SAS Institute Inc., Cary, North Carolina, USA). The results were submitted to analysis of variance in a MIXED procedure with measures repeated over time. Animal category, experimental days and animal category x period interaction were used as fixed effects and animal as subject. Means were compared with Tukey test at 5% probability. The covariance structure that better adjust to data was chosen according to the lowest AICC and BIC.
Factor analysis (FACTOR procedure) and CORR procedure were performed to verify the relationship between thermal variables and physiological responses over time. The factor analysis performs a variety of common factor and component analyses with measures carried out using as multivariate data. The first two factors that explained the greater proportion of data variation were selected and results of the factors show the relationship between the variables in the study
RESULTS
General results
General results of the analyses of variance are shown in Table 3 . We found significant effect of animal category on all traits. FAMACHA © score 1, packed cell volume 1 and 2 were influenced by period of the day. However, only FAMACHA © score 1 was affected by animal categories x period interaction.
Body condition score
The body condition score (BCS), FEC, FAMACHA © scores, packed cell volume and total plasma protein observed in the different categories of sheep during the study period were reported in Table 4 . The BCS in non-pregnant, pregnant and lactating ewes were differed (p<0.0001), whereas ewes in lactation presented higher mobilization of body reserves.
Fecal egg count
The fecal egg count was higher (p=0.0039) in weaning and weaned lambs compared to the non-pregnant, pregnant and lactating ewes. Also, FEC differed between ewes with higher counts in lactating ewes. The observation of eye mucosa showed a frequency of 100% of FAMACHA © scores ranged of 2.45 to 2.91 in the morning with different (p=0.0494) among the categories, whereas weaned lambs had showed better score. FAMACHA © score in the afternoon were same among the categories. Differences were found among the categories in packed cell volume 1 and 2, with lower volume in weaned lambs (28.45±0.84) and lactating ewes (27.63±0.81) compared to other Groups. Levels of total plasma protein had showed significant difference among the categories in morning and afternoon period. Greater values were found in ewes (non-pregnant, pregnant and in lactation). However, weaning lambs showed values above than the standards. The use of targeted selective treatments on controlling gastrointestinal nematodes in different sheep categories under grazing system Mucosa colour by FAMACHA © score The animal categories x period interaction had a significant (p=0.0148) effect on FAMACHA © score 1 with lower score in weaned lambs (1.8) compared to the pregnant ewes at day 0, 15 and 75 (3.2, 3.2 and 3.3, respectively). Also, weaned lambs were better FAMACHA © score compared with weaning lambs (3.2) and lactating ewes (3.3) at day 45 than weaning lambs at day 60 (3.3) and 75 (3.5) (Fig.1) . Packed cell volume in the morning and in the afternoon was influenced by days of collection with lower percentage at 30 days of experiment (Fig.2) .
Correlations and factor analysis
Positive correlation was obtained between the body weight (BW) and Body condition score (BCS) ( Table 4 and 5 ). In addition, we found positive correlation between BW and FC, whereas negative correlation between FEC and TPP.
First factor indicates a positive correlation among BCS, BW and PCV. According to second factor, it was possible to observe that had a negative correlation between fecal egg count and total plasma protein (Fig.3) . 5.62±0.11c 6.12±0.11b 6.90±0.09a 6.85±0.09a 6.30±0.10b <.0001 Different letters at same rows and at the same columns indicate difference from Tukey test at 5% probability; 1 = in the morning, 2 = in the afternoon. 
DISCUSSION
Lactating ewes had their body condition score influenced by milk production, this stage promotes lower BCS compared with non-pregnant and pregnant ewes due to depend on body fat mobilization. In lactating ewes, a negative energy balance is inevitable due to energy requirements of the ewes with increases more rapidly than the energy intake from the diet. Gastrointestinal nematodes may affect selected animal categories in present experiment. However, the problem is most severe in young animals and females in the peripartum period. Young animals due to their immune system have undeveloped the ability to combat heavy infections. These results were found in our present study, whereas weaning and weaned lambs presented higher fecal egg count compared with the ewes. The degree of infection of lambs can vary depending of management conditions and the level of contamination of the pasture. Our results showed weaning lambs with higher fecal egg count corroborating with Rocha et al. (2005) . Among ewes, lactating ewes showed higher values. This increase in elimination of eggs in early lactation period occurs due to "Spring rise" phenomenon or breaking of immunity in the peripartum (Barger 1993) . This occurs because the organism directs nutrients for fetal growth and milk production during these stages, there is reduction in availability of nutrients to be used by the immune system to combat parasites (Almeida et al. 2012) .
The observation of eye mucosae showed that 100% of animals presented FAMACHA © scores less than 3. Hence, it is confirmed that weaning lambs were resilient, because had a higher fecal egg count but FAMACHA © score did not differed of the ewes (non-pregnant, pregnant and in lactation) that presented lower fecal egg count. Resilience is defined as the ability of the host to resist anemia during a heavy infection period.
In the current study, use of FAMACHA © system and packed cell volume to identify resilient animals (the ability of an animal to withstand the effects of infection) in the different categories was more reliable than use of fecal egg count. This may be an indication that this population of Santa Inês sheep in semi-arid region raised in grazing is more resilient than resistant (Burke & Miller 2008) . Figure 2 describes the impact of verminosis on animal categories until 30 days of experimental period. However, after this period, the animals had the capacity of maintain the packed cell volume into the standard to the specie.
In the weaning lambs the heavy parasite load affected total plasma protein with values below standards corroborating with Amarante et al. (1999) and Rocha et al. (2005) who describe a negative relationship between PPT and EPG in sheep naturally infected by gastrointestinal nematodes. This result shows a higher susceptibility of young sheep and higher effect of gastrointestinal nematodes on lambs compared to ewes mainly due to incomplete development of the immune system.
The use of different strategies on control of gastrointestinal nematodes (FAMACHA © system, clinical signs, body condition score and fecal egg count) was beneficial with evaluated in different sheep categories (Mohammed et al. 2016) , showing a different response intra-herd, but a high ability of the animals against GIN (Molento 2009 ). Also, an early identification of high percentage of anemic animals, with high fecal egg count, lower PCV and TPP could represent an early therapeutic approach within the modern concept of targeted selective treatments (O'Shaughnessy et al. 2015 ) with a subsequent strategic and economic benefit (Di Loria et al. 2009 ).
According to the ewe categories, there was a body reserve mobilization with positive correlation between the body weight and Body condition score. However, lactating ewes were lower condition score and body weight due to higher nutritional requirements in this phase (milk production) (Scarpino et al. 2014 , Silva et al. 2015 . The animal categories with lower body weight (weaning lambs and weaned lambs) had a higher fecal egg count (Table 3 ) and this positive correlation may be explained due to these sheep category have incomplete developed of the immune system. In consequence of this higher fecal egg count the total plasma protein were decreased, mainly in the weaning lambs (more susceptible category). First factor indicates a positive correlation among BCS, BW and PCV. According to second factor, there was a negative correlation fecal egg count and total plasma protein (Fig.3) . The factor analysis had showed positive effect of body weight on body condition score and packed cell volume indicating that a feeding management is essential to supply the nutritional requirements for animal health maintenance. However, if the management practices (mainly, nutritional requirements according to the animal categories and health management) is not supplied well, it may occur an increased in the prevalence of gastrointestinal nematodes (e.g. high fecal egg count and lower total plasma protein -showed in second factor) with direct effect on animal health.
CONCLUSION
FAMACHA
© system seems to be a suitable method to detect parasite infections. However, the use of all available methods increases the accuracy of the diagnosis and promotes better control of gastrointestinal nematodes in grazing sheep.
